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Introduction
Forestedwetlandsin the south-

ern United Statesoccurmostly in the
floodplains of ma rivers and their
tributaries, within a broad•coastal
plain stretching from Texas to Vir-
g inia, Two thirds of the annual
Fosses of wetlands in the contermi-
nous United Statesoccur in forested
wetlands, primarily in the South
(Wilen an~Frayer 1990). There are
almost 31 million acres of forested
wetlands in the South, comprising
less than one-third of their extent
prior to Europeansettlement.While
the loss of wetlands continues, the
rateoflosshasslowed. Nevertheless,
only 5 million acres of forested
wetlandsremainin the floodplain of
the Lower MississippiRiver, of an es-
timated21 to 23 million acres prior
to 1780 (MacDonald et al. f 979;
Turner et al, 1981; The NatureCon-
servancy 1992). Forested wetland
lossesin otherpartsof the South are
just as striking (Tansey and Cost
1990; HefnerandDahl 1993).

The LMAV once supported the
largestexpanseof forested wetlands
in the United States.Rich alluvial
soils of the Delta received periodic
sedimentadditions from the worlds
third largest.river, and supported
highly productive ecosystems(Harris
and Gosselink 1990). The impor-
tance of these ecosystemsas vital
wildlife habitat for both resident and
migratory species has been docu-
mented(Whartonet al. 1982),

RestorationPrograms
The loss of botomlands hard-

wood (BLH) forests in the LMAV has
been mostly due to conversion to

agriculture, as much as 96% (Mac-
Donald et al. 1979; Department of
the Interior 1988), Massive flood
control pro~jectsbeganafter devastat-
ing floods in 1912, 1913, 1916, 1927,
and 1929 (The Nature Conservancy
1992).Major leveeswere constructed
along the Mississippi and its tribu-
taries,andan extensivedrainage sys-
tem developedto support farming.
Additional wetland losseshave been
due to construction of navigational
structures, continuing flood control
measures,surface mining, and urban
development.

A surge in forest clearing for
agriculture took place in the I960s
and 1970s, in responseto a rise in
soybeanprices. Privately-ownedfor..
estland was cleared and planted to
row crops. When prices eventually
fell, land that was marginal for agri-
culture becauseit was still subjectto
spring and early summerbackwater
flooding became idle, Since 1980,
public and private programs have
supported restoration of former
cropland to bottomland hardwood
forests,

Public Programs
The Conservation Reserve Pro-

gram (CRY) began in 1980 to subsi-
dize establishment of permanent
vegetative cover on erodible crop-
land, and often included converted
wetlands. By the ninth enrollment
year (1989), almost 50,000 acres of
wetlands in the LMAV were placed
into the CRY (The Nature Conser-
vancy 1992).

The Wetland Reserve Program
(WRP) was included in the 1990
Farm Bill and set a maxinuun signup



of I million acres nationwide. A pi-
lot programwas funded in 1992, in
eight states.Two statesin the LMAV,
Louisiana and Mississippi, were
included.More acreswere submitted
in these states than could be
acceptedinto the WRP becauseof
financial limitations.

In 1987, the United StatesFish
and Wildlife Service began an ag-
gressiveprogramin the LMAV to re-
store bottomland hardwood ecosys-
tems(Hayneset al. 1993).This effort
was not limited to existing wildlife
refuges;most of the effort 7has gone
into reforestation of private lands
and foreclosedfarmland transferred
to the Service from the Farmers
HomeAdministration.To date, they
haveplantedor contractedfor plant-
ing over 30,000 acres in the South.
They anticipate planting an addi-
tional 20,000 acres through 1998,
mostly within the LMAV.

State agencieshave undertaken
ambitious restoration projects as
well. Over 4900 acres near Monroe,
Louisiana are being restoredby the
Louisiana Departmentof Wildlife
and Fisheries(Savage 1989; Newling
1990).TheMissIssippi Departmentof
Wildlife, Fisheries and Parks is
restoring 1000 acres near Green-
wood, MS (Newling 1990).

The Corpsof Engineersis restor-
ing bottomland har woo orestsin
order to mitigate fish and wildlife
habitat lossesinduced by flood con-
trol construction, One ambitious
mitigation project is theLake George
property in the Yazoo River Basin,
MS (Corps of Engineers 1989). The
tract is on 8800 acres of frequently
flooded agricultural land near
Rollin Fork, MS. Reforestingbegan
in ,and will continue into I 9~96.
The goal is to connect Panther
Swamp National Wildlife Refuge
with Delta National Forest by a
forested corridor.

PrivateEfforts
Early private efforts centered on

hardwoodplantations for producing
fiber. One outstanding example is

the Fitler Managed Forest near On-
ward, MS. This 10,000 acre cotton-
wood (Populu.s deltoides Bartr. ex
Marsh. var. deltoide.s)forest is owned
by JamesRiver Timber Corp. and in-
tensivel~ managedfor pulpwood
production. Recent private efforts
have concentratedon reforestation
primarily for creation of wildlife
habitatand for timber. Baxter Land
Company,a large farming operation
in Desha and Chicot Counties,
Arkansas,recently planted350 acres
of cottonwood on low-lying crop-
land. Their objectives were erosion
control, financial return from tim-
ber, and increasedwildlife habitat
(Anon. 1994).

Techniquesfor Restoration
Techniquesfor establishingbot-

tomland hardwoodsinclude direct-
seedingand planting seedlings. If
good quality seedlingsare planted
properly and caredfor well prior to
planting, the chancesfor successful
establishmentare high (Kennedy
1984; Kennedyet a]. I ~87; Allen and
Kennedy1989;Kennedy 1994).

Direct-seedinghas only pyoven
successfulfor oaks and other large
seededspecies.Nuttall oak (Quercus
nuualli Palmer)has been the, most
reliable species,and ~eater success
hasbeen obtained wi ih the red oak
groupas comparedto thewhite oaks
Uohnson and Krinard 1987). Almost
all attempts at direct-seedinglight
seededspecies(Fraxinus, Liquid-am-
bar, and Ulmus) have failed (Al len et
al. In Press).. Failures have been
attributedto drought stressshortly
after germination, or to bird and
rodentpredation.

Another advanta~eof planting
seedlingsis that a wider range of
sites and conditions can be toler-
ated. While extended post-planting
flooding damagesmost seedlings,
the taller planted seedlingsmay ex-
tend above floodwatersand survive.
On the other hand, there is a nar-
rower planting window in the South
for planting seedlings(December to
Apnl). Direct-seedingoffers a wider
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planting window, as studies have
shown that acorns can be planted
year-around. Weather conditions
following sowing, however, can be
critical to survival. The best times
for direct-seedingare fall through

~ and Krinard 1987;
The main advantageof direct-

seeding is potentially lower costs
(Kennedy1994)by avoidingthe costs
of growing and handling seedlings,
andacorns are less time-consuming
to plant than seedlings.The major
disadvantagesof direct-seedingare
that the plantsare in more vu[nera-
ble stages of developmentlonger,
thus risking poor survival and possi-
ble failure. Competing vegetation
may pose more o a reat to new
germinants,asmany oaksareslow to
develop above-groundand can be
overtoppedby competitors.

Direct-seeding and planting
seedlingscan both be accomplished
by hand using very simple and inex-
pensive equipment. On formerly
forestedsites, hand planting or sow-
ing are preferred as intensive site
preparationis not required.Planting
or sowing by hand is easy to do
properly, and all too easy to do im-
properly. Seedlings should be
planted deeplyenough that the root
collar is just below the soil surface.
Large seedssuch as acorns should
be sown between2 to 6 inchesdeep.

Mechanicalplanting and sowing
are significantly faster on clean sites
with slopes less than 10%. Modified
agricultural plantershave been used
successfully for direct-seeding,al-
though some new equipment has
been developed for acorns. A
broadcastseederhas been used in
trials in Louisiana (Allen et al. In
Press). Aerial seeding has been
shown in small trials to have poten-
tial, althoughmore work needsto be
doneto optimize the delivery system
and the method of burying acorns
aftersowing (Allen et a]. In Press).

CurrentResearch
While the literature on bottom-

land hardwood restoration is sub-
stantial (Haynes et a]. 1988), much
needsto done (Clewell and.Lea1990;
Sharitz 1992). Major researchem-
phasis today is on characterizingref-
erencesites to guide restorationef-
forts; new reforestationtechniques,
such as intercropping; metho4sto
establishmixed speciesstands;and
on the effects of restorationat the
landscapelevel.

ReferenceSites
Sharitz(1992) stressedthe need

to comparefunctions of natural and
restoredforests, as we have not ~s-
tablishedthat reforestin~restoresall
functions. A first step in achieving
restoration is to identify the func-
tions that characterizeundisturb~ed
sites, Theseundisturbedsites must
be identified and characterizedin
order to develop criteria for measur-
ing the successof restoration pro-
jects.

An interdisciplinary team of re-
searchersfrom severalfederal agen-
ciesand universitiesare cooperating
in an integratedregional project to
study the structureand function of
bottomlandhardwoodforestsin the
southern United States(Harms and
Stanturf1994). The objectivesof this
project are (1) to quantify the physi-
cal, chemical and biological func-
tions of theseforestedwetlands,and
(2) to documentand evaluatethe ef-
fects of silvicultural manipulation on
key functions.

Four sites have been selected
and gatheringof baselinedatahas
begun. Results from this study
should provide the understandingof
functions of bottomland hardwood
forests neededto guide restoration
efforts and allow for evaluation of
their success.

Intercropping
The forest productsindustry, the

Fish and Wildlife Service, and the
Forest ServiceSouthern Hardwoods
Laboratoryare implementinga large-
scale study of reforestation tech-
niques. Four treatments will be



comparedthat differ in intensity, in
rapidity of reforestation,and in fu-
ture opportunities for income from
timber. Treatmentsconsist of direct
seedingNuttall oak acorns,planting
Nuttalf oak seedlings,intercropping
cottonwood with Nuttall oak, and a
control treatment that will be al-
lowed to revegetatenaturally. Each
treatmentwill be evaluatedusing 20-
acreplots in three replicate blocks.
These relatively large plots will be
valuablefor demonstrationpurposes
and will be large enough to accom-
modate future researchneeds; for
example, to compare wildlife use
amongtreatments.

Intercropping cottonwood with
Nuttall oak is a techniquedesigned
by JamesRiver Timber Corporation,
who is alreadyusing it in its private
landowner reforestation assistance
program. The rationale for this
novel technique is to use cotton-
wood as a nursecrop that improves
the conditions for oak survival and
growth..This treatmentwas explicitly
designed to provide early income
from timber as an economic
incentive to encourage private
landowners to reforest these de-
graded wetlands. The nurse crop
concept is well-known in silviculture
(Matthews 1989) and has been rec-
ommended for reforestation of
abandoned agricultural fields
(McKevlin 1992). However, no data
are available to compareit to other
more commonly used reforestation
methods.

Cottonwood cuttings will be
plantedatI2 by 12 foot spacing,with
herbicide applicat on and is in
during the first two growing seasons
to control competition.In the spring
before the third growing season,
Nuttall oak seedlingswill be planted
in between every other row of
cottonwood.

Cottonwoodcan grow 65 feet in
height andyield 30 cordsper acreat
age 10 on the heavyclay Sharkey soil
typical of millions of acres of the
Delta (Krinard and Kennedy I983a,
b). Yields for other specieswe con-

sideredas a nursecrop were lower
than for cottonwood. Green ash
(Fraxinus pennsylvanicaMarsh.) at
age 10 on Sharkey soils has been
shown to range from 27 ft to 30, ft,
sweetgum(Liquidambarstyrac~/hLa L)
ranged from 18 ft to 21 ft, and
sycamore(Platanus occidentalis L.)
from 26 ft to 31 ft (Krinard and
Kennedy I983b). Thus, cottonwood
growth is approximatelydouble that
of other species.Volume growth fol-
lowed similar trends.

At age 10, the cottonwood will
be harvestedand the oak released,If
the cottonwood is harvestedin the
dormant season,sprouting will oc-
cur and a second, 10-yearpulpwood
rotation can be obtained. Previous
researchindicates that the yields in
the second rotation will be lower,
however,than the first rotation. After
the second cottonwood rotation is
harvested,the 18-year-oldoak forest
can be released.Alternatively, se-
lected cottonwood stems can be re-
tained after either, or both, cotton-
wood harvests to increasediversity
andstructurein the stand,The rapid
establishmentof a forest canopy by
cottonwood may acceleratenatural
successionby attracting the birds
and small mammalsthat are vectors
for dispersal of heavy seeds.
Cottonwood may also be used to
more rapidly create vertical struc-
ture, cavities for nesting, and
downedwoody debris than other re-
forestation techniques.

Mixed SpeciesStands
A major researchchallengeto-

day is restoring mixed stands that
uickl acquire the kind of structurey
ound in natural stands. Restoration

efforts in the past have concentrated
on establishingsingle-speciesplanta-
tions. The appearanceof a planta-
tion can be avoided by altering the
pattern of planting, for exampleby
planting in wavy 1 ines rather than
straight rows. Other modifications
will be necessaryto establishstands
with a canopy structure that maxi-
mizes avian diversity (Stanturf In
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press).
Multispecies plantations can be

establishedin several types of mix-
tures (Goelz in press).Intercro pin
mixtures (single speciesrows an
mixed monotypes(speciesin block
plantings) produce an overall mix-
ture, but species are clumped in a
way that does not mimic natural
conditions.

Methods for establishing true
mixtures will require basic informa-
tion on how speciescompete with
eachother dunng early stand devel-
opment, especiallyafter crown clo-
sure. This line of researchis illus-
trated by a systematicspacingstudy
at Lake George, MS (Goelz 1991).
This rather complicated study is
looking at two spacin~ betweenin-
dividual stems(6ft ancf9 ft), the pro-
portions of green ash, Nuttall oak,
and water o~k(Q. nigra L.), and the
relationship betweensize, distance,
and speciesof neighbor on individ-
ual tree growth. Because early
growthofsome s ecies can be quite
slow, they can e overtoppedby
competitors.In addition to inherent
growth rates, competitive ability is
affected by environmental condi-
tions such as soil properties and
flooding frequency and duration
(McKnight et al. 1981). Therefore,
the Lake George spacing study is
replicated on two contrasting soil
types.

Landscapepattern
Most reforestationwork occurs

in small patches,except for a few
large public projects. Many re-
searchershave discussedthe effects
of fragmentationon wildlife, particu-
larly area-sensitive,interior~welling
neotropical migratory birds (Rob-
bins et al. 1989; Wil cove and
Robinson 1990). Few, however, have
examinedthe benefitsof reforesting
in large blocks, particularly when ex-
isting large patches are to be con-
nected by corridors. The Lake
George Restoration site provides an
opportunity to evaluate this hypoth-
esis. The restoration site connects

two of the largestblocks of natural
and restoredbottomland hardwood
forestsin the LMAV, andwildlife use
of the areaprior to, and following,
restorationis being evaluated,

Summary
The focus of research on south-

ern bottomland hardwoods has
shifted, from documentingtheir loss
to ways they can be restored. Many
opportunities today exist to restore
bottomland hardwood forests on
economically marginal farmland.
Public and private efforts have al-
ready restoredover 30,000 acres in
the Lower Mississippi Alluvial Val-
ley,Techniquesfor planting and di~

rect-seedingbottomland hardwoods
are available. Direct-seeding,al-
though less expensivethan planting
seedfings, is limited to oaks and
other heavy-seededspecies.Direct-
seedingand planting seedlingscan
be accomplished by hand, using
very simple and inexpensive tools.
Methods for mechanical planting
and sowingare faster, but generally
require more expensivepreparation
of the planting site. Efforts are un-
derway to develop aerial seeding
methods.

Current researchon restoration
of bottomland hardwood forests
emphasizesmore thanjust reforesta-
tion techniques. Restoration of
mixed speciesstandsis a major re-
searchchallenge.A novel technique
utilizing cottonwoodas a nursecrop
to red oak has the potential to pro-
vide a substantial economic incen-
tive for private landowners to under-
take their own restoration effort,
Other advantagesof the rapid estab-
lishment of a ores canopy include
accelerated natural successionand
improved wildlife habitat. Although
most research concentrates on
restoration at the site level, opportu-
nities for examining the Iand7scape
level effects of restoration are in-
creasing.
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